Introduction: Left ventricular (LV) dyssynchrony is common in patients with end-stage renal disease (ESRD), and echocardiographic assessment has shown that it can be improved by a single session of hemodialysis (HD). The aim of this study was to assess the effects of chronic HD on LV dyssynchrony in patients ESRD by means of gated technetium-99m sestamibi myocardial perfusion single-photon emission computed tomography (GSPECT) with phase analysis.
In these patients, cardiovascular mortality is 10 to 20 times as great as that for persons in the general population matched for age and sex 2 and is closely related to cardiac alterations, including left ventricular (LV) hypertrophy, LV dysfunction 3 , and LV dyssynchrony 4, 5 . In particular, LV dyssynchrony is an important predictor of the response of severe refractory heart failure to cardiac resynchronization therapy (CRT) 6, 7 . However, LV dyssynchrony is also prevalent in patients with ESRD 4,5,8 11 .
Although LV dyssynchrony is most often assessed with echocardiography, which is noninvasive and easily performed, comparable results have been obtained with phase analysis of the cardiac cycle with gated technetium-99m (Tc-99m) sestamibi myocardial perfusion single-photon emission computed tomography (GSPECT) 12 . Measurements of LV dyssynchrony obtained by phase analysis with GSPECT correlate well with assessments made with tissue Doppler imaging 13 . Furthermore, treating ESRD with a single session of HD improves LV dyssynchrony, as assessed with echocardiography using tissue synchronization imaging and speckletracking strain imaging 8, 9 . However, the effects on LV dyssynchrony of 3 months of HD have not been assessed, with either echocardiography or GSPECT with phase analysis.
Therefore, in the present study we used GSPECT with phase analysis to assess the effects of 3 months of HD on LV dyssynchrony in patients with ESRD.
Materials and Methods

Study Population
The study population was selected from among 16 consecutive patients with ESRD requiring long-term HD (10 men and 6 women; mean age, 63±14 years) who un- This study was approved by the ethics committee of Nippon Medical School Musashikosugi Hospital, and all patients with ESRD gave informed consent to participation. In addition, the 7 control subjects gave written permission for the use of their data.
Hemodialysis
All patients underwent HD treatment 3 times per week with polysulfone dialyzers. Blood flow was usually 150 to 200 mL! min, with a constant dialysate flow rate of 500 mL! min. The ultrafiltration rate varied to achieve the patient's clinically determined "dry weight."
Biochemical Analyses
Plasma levels of hemoglobin, albumin, urea, creatinine, calcium, phosphate, intact parathyroid hormone, highsensitivity C-reactive protein (hsCRP), and brain natriuretic peptide (BNP) were measured using routine methods at baseline and after 3 months of HD.
Echocardiography
All patients were examined with conventional 2- 
GSPECT Imaging
All subjects underwent resting GSPECT. A dose of approximately 740 MBq of Tc-99m sestamibi was administered intravenously with the subject at rest. Resting GSPECT image acquisition was started 40 minutes later.
A dual-head gamma camera with a fixed 180°angle between heads (Toshiba, Tokyo, Japan), equipped with lowenergy, high-resolution collimators, was used for all GSPECT imaging. An energy pulse height analysis win-dow of ±10% was centered over the 140-keV Tc-99m photo peak. Projection data were acquired with a total of 60 stops (step and shoot mode, 40 seconds! stop) over a 180°orbit for each detector. The GSPECT images were reconstructed with the filtered back projection method using a Butterworth filter (order 8; cut-off, 0.55 cycle! cm).
Images were gated at 16 frames per resting cardiac cycle.
All images were acquired using an image matrix of 64× 64 pixels.
To which includes 95% of the elements of the phase distribution, and phase standard deviation (PSD), which is the standard deviation (SD) of the phase distribution. These indices were calculated to assess LV dyssynchrony 12, 17 .
Statistical Analysis
Descriptive data are expressed as means±SD for con- 
Results
Patient Characteristics
Nineteen subjects were enrolled: 12 patients with ESRD requiring long-term HD and 7 control subjects. The primary causes of ESRD were diabetic nephropathy (n=5), autosomal dominant polycystic kidney disease (n=2), nephrosclerosis (n=2), immunoglobulin A nephropathy (n=1), lupus nephritis (n=1), and gestational kidney disease (n=1). Relevant clinical and demographic characteristics of the subjects are shown in Table 1 . The bSBP in patients with ESRD (154±15.6 mm Hg) was significantly greater than that in control subjects (122±14.7 mm Hg, P< 0.0001). There were no significant differences between ESRD patients and normal controls in age, sex, bodymass index, QRS duration, or diastolic blood pressure.
The patients with ESRD were more likely to have comorbid hypertension and to be taking angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, or calcium antagonists.
Clinical and Biochemical Changes between Baseline and after 3 Months of HD in Patients with ESRD
Between baseline and after 3 months of HD weight increased significantly and systolic blood pressure decreased significantly in patients with ESRD ( Table 2) .
Furthermore, levels of hemoglobin, albumin, and blood urea nitrogen increased significantly; hsCRP decreased significantly; but the plasma BNP level showed no significant change. 
GSPECT and Echocardiography Data in Control Subjects and Patients with ESRD
At baseline EDV, ESV, and LVMI were significantly greater in patients with ESRD than in control subjects, but the LVEF did not differ significantly between the groups ( Table 3 ).
In patients with ESRD, both EDV and ESV decreased
significantly between baseline and after 3 months of HD, but EF and LVMI showed no significant change.
LV Dyssynchrony
Examples of improvement in HBW and PSD on phase distribution maps between baseline and 3 months are shown in Figure 1 . (Fig. 2) . 
Correlations of Changes in HBW and
Discussion
To our knowledge, this study is the first to assess In addition, alterations in HBW and PSD correlated well with EDV and LVMI at baseline.
In patients with refractory heart failure and wide QRS, such as those with left bundle-branch block, LV dyssynchrony can contribute to progressive negative remodeling with worsening of pre-existing mitral regurgitation and has been associated with increased mortality rates and adverse cardiovascular outcomes 18 . Recent studies suggest that LV dyssynchrony is also common in patients with narrow QRS and heart failure with preserved EF 19 , as well as those with hypertension with LV hypertrophy 20 .
In other words, LV dyssynchrony can be caused not only was significantly greater than that in control subjects 9 .
Chronic volume and pressure overload combined with metabolic and hormonal impairments may lead to maladaptive LV hypertrophy, which would lead to LV dyssynchrony 21 .
In patients with ESRD requiring long-term HD, cardiac GSPECT with phase analysis makes it comparable in accuracy to any of the echocardiographic techniques currently available 26 .
Regarding the assessment of LV dyssynchrony in ESRD, Aljaroudi et al have reported that patients with ESRD have significantly more dyssynchrony than do control subjects 11 . More recently, Aggarwal et al have found that, in patients with ESRD, LV dyssynchrony, as determined by GSPECT with phase analysis, is of greater prognostic value than myocardial perfusion or EF 5 . However, our study is the first GSPECT study of the effects of long-term HD on LV dyssynchrony in patients with ESRD.
Our findings suggest that serial GSPECT with phase analysis is a useful method of assessing the effects of long-term HD on LV dyssynchrony, volume, and function in patients with ESRD.
Limitations
Our study had several limitations. The number of participants was smaller than in similar studies. Because we did not perform stress GSPECT, we were unable to assess the effects of stress-induced ischemia. For each patient with ESRD, GSPECT was performed the day before an HD session, and the issue of radiation exposure prevented us from evaluating the effects of a single session of HD on LV dyssynchrony. Another limitation was that clinical outcomes, including morbidity and mortality,
were not examined in detail.
Conclusions
The present study has demonstrated the effects of longterm HD on LV dyssynchrony and volume in patients with ESRD. Changes in LV dyssynchrony correlated positively with bEDV and bLVMI. Serial GSPECT with phase analysis is a useful method for assessing the effects of long-term HD on LV dyssynchrony, volume, and function in patients with ESRD.
